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INTRODUCTION

After the first resonance search in the Z direction an higher amplification than the
predicted one has been detected for the modes at 100 Hz and between 200-500 Hz.
In particular the frequencies were the same of the prediciions, while the structure
amplification was higher. (See annex A chp 3} In order to evaluate the structure
behaviour under random excitation and to preserve the PMT functionality a low level
random at -12 dB and -9dB notched was performed to obtain more information on
the grme response, (See annex A chp 4-5)

This second test confirmed the -12 dB low level random vibration test results, no
non-linearity effects have been detected. The performed test confirmed an
extrapolated PMT lower skin response at OdB of 24 g, , that was too high if
compared to the procedure limit of the lower skin of 11.3 gmg s based on the
correlation of RICH FEM model with the single grid test results.

For this reason the test has been stopped and this NCR issued in order to perform
additional investigation to evaluate the causes and the corrective actions.

The test session has been concluded with a resonance search to guarantee that
during the Z direction vibration test no structural yielding or failure occurred up to
now (See annex A chp 6)

PERFORMED NCR INVESTIGATION

1. After the test session conclusion additional investigations have been
immediately addressed to evaluate possible concurrence of the expander
modes on the excitation level, taking advantage of the facility avaitability.
Some additional resonance search runs have been perforrned monitoring all
the interfaces to the shaker {(See annex Achp 7).

il Verlficatlons

1. The obtained result
was that the expander
showed three
amplifications at the
following frequencies:

o F[1=22274 Hz;

o F2=325Hz,

» F3=528 Hz.

A RICH main mode
frequency is 209 Hz,
therefore the delector and
the expander had a modal
coupling that increased
the amplifications over
200 Hz.

In order to confirm this
assumption and limit the
over-excitation a different
control setup is proposed,
not to change the
expander hardware.

Ir All Information contained In thls document are proparty of CARLO GAVAZZI SPACE SpA. All rights reserved.

Mod. NCR-10/01 {Instruclions: doc.GD-WI-CGS-004)
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2. Two additional control accelerometers need to be added to improve the
system control performances and an additional RS was performed. (See
annex Achp 8).

2. obtained results show
that the high
amplificalions over
200 were due to over-
excitation at expander
level and the
improved control
reduces the response
to good agreement
with the prediction
results.The first peak
amplification (100 Hz)
remained higher than
the predicted cne.

3. Based on the results (actua! frequency response) of the new control setup, a
analytical prediction of the full MEFL level output for Z direction vibration is
calculated. (See annex A chp 9)

4. The further investigation carried out by CGS is 1o evaluate the effect of a
notching in the 100 Hz frequency range to match the limit of 11.3 gms (See

annex A chp 10). 3. The gRMS are in

agreement with the
predicted behavior

5. INFN, as responsible of the RICH mission success, has revised and described in the

approved the investigation described so far where the control setup has g%%'{";ﬁtéiﬁgoM
been modified to improve expander behavior and correlate test results with VIBRATION TEST
FEM hard mounted prediction (See annex A). PREDICTIONS"

After consulting with NASA it has been further clarified that, based on the
behavior of the overall AMS-02 payload, notching of the applicable input
spectrum specific to the RICH, corresponding to the 3.2gRMS MEFL({maximum

issue1drt of Aug.
2007-10-31. despite

espected flight level applicable to the RICH according to the JSC-28792 SVP) L “l.i?het’. .
can be used for the testing (see ANNEX B}, zlr.gfrlnlg:;on otihe

Moreover the notched response to the RICH lower skin can be limited to a
maximum vibration level of 6.8 gms {corresponding to the MWL, maximum
workmanship level applicable to the RICH according to the JSC-28792 SVP)
(See annex A chp. 11), since, as stated in the document, for electronics
components such as the PMTs:

“It is expected that the vibration transmitted through the primary structure to the
experiment components will be smaller than Minimum Workmanship Levels
(MWL). For mission success it is recommended that vibration testing of the
individual electronics components shall be performed to MWL".

Tehrefore the RICH PMTs, will never be subjected to a gm, level higher
than 6.8 gums.

This way the mission success is guaranteed.

An example of the final notching shape is shown in the annex A chp 12
The facllity is available for resuming the test from December 10™.

5. The analytical
investigation provided
a notching figure
defined in annex A
chp 12

The CGS proposed solution, based on the described results, is to implement the
improved control scheme and the notching proposed in investigation step 5.

T’-g\e \‘cs—" i}\.'2'3 \3“‘-’”‘ 5‘““‘—2“5%“ QQ&( I\eT)ea_\'eOX
san AD 12 . 296 F . See Awvex & ?.‘M l‘.@.v

ﬂE%—MQkfs FU M & A Y

Allinformation contained in Lhis document are property of CARLO GAVAZZI SPACE SpA. All rights reserved. J

Mod. NCR-10/1 (Inslructions: doc.GD-WI-CGS-004)
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RD 2 RICSYS-PR-CGS-007 3 | 20/08/72007 RICH FM VIBRATION TEST
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2. INTRODUCTION

2.1. RICH TEST SETUP Z DIRECTION

The vibration test in Z direction for the RICH system is conducted using a dual shaker system with

a 2 m diameter expander, as shown in the following figure.

Figure 2-1 RICH vibratlon test Z sxis

To prepare the full level MEFL vibration the following steps have been performed:
¢ Resonance Search performed by a sine sweep from 5 to 2000 Hz (1 sweep) of 0.3 g constant

level for frequency identification.

e Resonance search with a flat 4.3e-5 g*/Hz (3 gms level) from 5 to 2000 Hz since the
controller was not able to prosecute the frequency sine sweep over 1600 Hz.

¢ Random Vibration test at MEFL -12dB and -9dB (at notched level) to evaluate amplification
and gms response on the measurement points, reported in the following table

1 = = | 1oz o LENEY
E==—nnhiiteaaar s BB T
Freq. PSD 04 i ‘ B ‘] 1 1] =——Zunput Full Lewel
[Hz] [g*/Hz] e e — gRMS 3,24
20 0.009 v o0l e T L TN || —ziput-1248
45 0.009 z = | ORMS o8
< boo— T4 PR S v
125 0.025 O 0.001 et B
300 0.025 = AT =
900 0.001 0.0001 et
2000 0.001 =11 -
0.00001
10

Table 2-1 MEFL Level for the Z direction full level and -12 dB low level
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The shaker control system was based on two Control Points (CP) and on the control technique is the
maximum. The following figure shows the control accelerometer position on the expander.

Expander CP2 on
foot
Shaker 1
Expander h ead
Stiffening
Rib
CPl on
foot Shaker 2
head

CP1

Figure 2-3 Control accelerometer position lateral view.
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3. RESONANCE SEARCH RESULTS

After the first resonance search in Z direction (0.3 g 5-2000 Hz) higher response than predicted
have been detected on the triaxial accelerometers Acc 1-2-3-4-5-6 points (Figure 3-1) used to
monitor the response of the PMT grids.

Acc |
| Acc 3
Acc2
H
Acc 6 -\ e 1 Acc 5
1
e am Acc 4

Figure 3-1 Lower Skin points used to monitor the PMT’s behaviour

In particular the frequencies were in a good agreement with the predictions [RD1], while the
amplifications were higher, for 100 Hz peak and in the range 200-500 Hz.
In the following figures the RS results in Z direction for the lower skin points are shown.

]
10 e i i e e P 2 e [yl el Rk o [l
== BEx = S e
{ i . : 1 | [
i : | —— Acc1Z - Sine Sweep
TURBEAR S e By
. R | —— Acciz - Random RS
A== = =
i) v H T
-t - T i iy
o e El o s S R P ] dagid
ALh Eadi
: I ]_|| ‘ } adl |
01 i =—1= — =Hi=—
TR LS MR EEL
aAD ma ik ol in v L A
SEvay |tk e 1)
SR L) R R A R
0.01 : ‘ —
10 100 1000 10000
Hz

Figure 3-2 Accl Z direction position. Comparison between RS sine and random
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10 4

1 —— Acc2Z - Sine Sweep

—— Acc2?Z - Random RS

-

a1 T

- 1
' o i : i
L | B _._l_- R — 11- A
: ! |

I
[ L]

0.04

10 100 1000 10000
Mz

e

I

!
— —— Acc3Z - Random RS‘

s REIEREAY Y ) PR
01 = — . m,l ;,l'j‘i

——Acc3Z - Sine Sw@

—— ———=t i = =
— ] —— o — A = e
pa—— ——T-E RIS O m_J p} . !
b= e T T Pt i Sy ey b | 4
g - 1 : 1 |
|
‘

0.01

10 100 1000

[ S g (et i B = Gl e (e bt g'::' R A v
T

Il 1

——r . SR [T e T A —— S S i

0N e —

il

0.01 : ' ‘ 1L
10 100 1000 10000

Figure 3-5 Acc6 Z direction position. Comparison between RS sine and random
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10 4 .

— AcchZ - Sine Sweep

—— AccSZ - Random RS

0.1 i

0.01

Hz

Figure 3-6 AccS Z direction position. Comparison between RS sine and random

10 i

|
. '.1 — i e — AccdZ - Sine Sweep

~—— Acc4Z - Random RS

F o= ﬂkL_.ﬂ{I_ 1

B - o | S

R, ) Y

0.01 !
10 100 1000 10000

Hz

Figure 3-7 Acc4 Z direction position. Comparison between RS sine and random

The RS sine and random were nearly coincident at low frequency (the different frequency steps are
responsible of the few discrepancies) and the summation of their contribute allowed to analyze the
full frequency spectrum. In the Accl output (Figure 3-2) a low frequency (50 Hz) electrical noise is

visible; this had no physical relevance.
The following figure show the Acc2 point output FEM prediction and test data comparison; the

FEM prediction displayed has been evaluated up to 300 Hz.
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ACC2 X DIR COMPARISON TEST RESULTS AND FEM PREDICTION

1.00E+00 = —— ===
SRR
1.00E-01 e
B :T R ‘T]l 3
L LRSI R BN
o 1.00E-02 =
e Al
= T T4 WS
1.00E-03 | — Ace2X- FEMPRED
| —— Acc2X - TEST DAT. , ——
1.00E-04 — - —— ’
1.00E+00 1.00E+01 1.00E+02 1.00E+03

Hz

Figure 3-8 Acc2 X direction comparison between RS FEM prediction and test data

ACC2 Y DIR COMPARISON TEST RESULTS AND FEM PREDICTION

1.00E+01

1.00E+00 1mo=——

1.00E-01 +—

10 ey JR—

- i A Ttin
1.00E-03 —#—AchY- FEM PRED L
| — Acc2Y - TESTDATA] Z

- 1 n —1 ; : .
1.00E-04 T ‘ - ‘ |
1.00E+00 1.00E+04 1.00E+02 1.00E+03

Hz

Figure 3-9 Acc2 Y direction comparison between RS FEM prediction and test data
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ACC2 ZDIR COMPARISON TEST RESULTS AND FEM PREDICTION
1.00E+01 e e e e 1 —;ﬁ 1 = Bl = R
1'00E+00 e —"‘:-"' = -__-ll ‘ : E l'{ =A== l_——, l— —“:,‘: — 7_7 _Z'
Al oy S MR e < B Ay o v | o i e e et
B Bl i Pt ) Z:ﬂ 4 Wi ALY 1
o 1.00E-01 . .. N :,:-:__ ._.l 1; 5E : :‘!7,,_2 -..I'.'l__"_:____ A
P ——i minciHSE R EXa .
I (7 B s AT T
1.00E-02 === . = : LAl
: : . , — Acc2Z -FEMPRED |
— _ LD A i | | | G | ] ey
: "4| ' H : } L i—ACCZZ-TEST DATA
1.00E-03 — - ‘ ‘ —_— — ak
1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04
Hz

Figure 3-10 Acc2 Z direction comparison between RS FEM prediction and test data
From this results evaluation we have decided to perform the first low level random vibration test (-
12 dB) in order to verify the detector amplification with a random input instead of a sine sweep.

4. RANDOM VIBRATION TEST -12 dB

The applied input is reported in the following table.

Freq. PSD
[Hz] [g*Hz]
20 0.000563
45 0.000563
125 0.001563
300 0.001563
900 6.25E-05
2000 6.25E-05

Table 4-1 MEFL level Z direction -12 dB

The following figure shows the highest output obtained on PMT grid lower skin in Z direction.
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10 Japsan e

01 === :\,;\‘“_ZI | =INPUT0.79 Grms
v AT W T A MP4Z Grms 5.9

N

S

D 0.01 =

=] 0.001 e — 1 = =

o B 2x > ey

& 0.0001 CIREEE Sila e
0.00001 S G R e L et e Y [ N ety TR I O e —_; .:. I l
0.000001 +——— . - hs —si==cl

10 100 1000 10000

Hz

Figure 4-1 Highest Z output for the PMTs monitorino points with -12dB low level random input

The test results showed the same amplification obtained from the sine sweep and confirmed a
higher response with respect to the predictions [RD1], in particular the full level acceleration
extrapolation from the -12dB results provided 24 gms on PMT’s instead of the predicted 10 gm; of
[RDI].

In order to evaluate the PSD linearity a second random low level was performed using a notched -
9dB low level.

5. RANDOM VIBRATION TEST -9 dB NOTCHED

The applied input is reported in the following table,

Freq. PSD
[Hz] [g’/Hz]
20 0.001125
45 0.001125
125 0.003125
150 0.003125
180 0.0008
240 0.0008
270 0.003125
300 0.003125
900 0.000125
2001 0.000125

Table §-1 Notched MEFL level Z direction -9 dB
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PSD [g*2/Hz]
(o
o
2

0.000001

Figure 5-1 Highest Z output for the PMTs monitorino points with -9dB notched low level random input

This second test confirmed the -12 dB low level random vibration test results: no non-linearity

effects bave been detected on amplification.
A full level extrapolation confirmed the 24 g,s on PMT’s monitoring points wrt 10gams predicted,
therefore the vibration test has been suspended for investigation on such discrepancy between

predicted data and test results.
Before closing the test campaign a RS has been performed to check the detector structural integrity.
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6. RESONANCE SEARCH RESULTS

A resonance search in Z direction (0.3 g 5-2000 Hz) has been performed.

No frequency shifts or amplification relevant modification was detected comparing the first and last
resonance search of the Z axis runs performed. No structural yielding or failure have been detected.
The following figures show the superimposition of the lower skin accelerometer outputs for the
random resonance searches before and after the random vibration test.

o — AcciZ - Random RS
before Z RVT
——AcciZ - Random RS
1 — afler Z RVT
) By
2 S e e e
i ]
0.1 fi =i I 'r%—.—'i—l'—l——
- . i ! . 1
i S
01} S A S S R — ,,f,l,,,_,:,,,,f.,,.,,__
_ T ) ] i f:l:_i-__
. % [
0.001 R
10 100 1000 10000

Figure 6-1 Accl Z direction position. Comparison between random RS before and after RVT

10 5

4 &
— Acc2Z - Random RS

before Z RVT J
— Acc2Z - Random RS
afler ZRV

B e D T

0.1

0.01 ==

0.001

10 10000

Figure 6-2 Acc2 Z direction position. Comparison between random RS before and after RVT
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10 -1—."_—:._: ety =) =25 g, gl | e |
R ,f__Accs.z-Random RS
before Z RVT
1 — —— Acc3Z - Random RS
after ZRV

0.1

0.01

0.001

10 100 1000

Figure 6-3 Acc3 Z direction position. Comparison between random RS before and after RVT

10 - -0 T L I O (R R =) GH e o e e dd
Ty ‘ | _— Acc6Z - Random RS
R before Z RVT
B — AccBZ - Random RS
1 = T == after Z RV
S e
IRERN IS
0.1 === CCa j*_—"_|_*_
=y PSS “_15_'_ Yy
S
001 ==t
—— i
— J_ f
- i
0.001 —
10 100

Figure 6-4 Acc6 Z direction position. Comparison between random RS before and after RVT

10 T el r’_‘_"ff".::::l, O I O S o e S R L e
T T P ST T AceSZ - Random RS
il e before Z RVT
1 1 :.Jl\ ] \N‘ t ' —— Acc52Z - Random RS
— e e o i L e Lt e e afier ZRV
R T CHAL R O EIE S L ) 81 [
g . A BV
| | 0 o
Y A ' QE
F—- l =5 -4. j:.l-‘ — i = ]!.._‘,,
S A L R
* LY .
0.01 1 == !
_ —‘_'___“;i ‘ e ;'].__"_._'I B 1" —— ,r ;,J 4 b
A i i ] AL 1
0.001 S : ‘ ' : s
10 100 1000 10000 ;

Figure 6-5 AccS Z direction position. Comparison between random RS before and after RVT
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Figure 6-6 Accd Z direction position. Comparison between random RS before and after RVT

7. INVESTIGATION ON CONTROL SETUP

In order to evaluate if part of the detected amplification was caused by a non uniform input at
shaker expander level, additional resonance searches have been performed monitoring all the eight
interface columns of the detector.

The test setup has been maintained, but some accelerometers have been removed from the detector
(5 accelerometers from lower skin, two accelerometers from the mirror and 5 accelerometers from
debris shields) and placed on the expander, detector supports, and RICH external structure as near
as possible to the 8 support interfaces.

The following figures show the accelerometer position for the additional investigations.

@ Accelerometers
position on
expander

Figure 7-1 Accelerometer position on expander
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MP6

CP1
MP105
MP106
P4
M MPI18
Figure 7-2 Accelerometer position on control 1 foot
MP100
MP102 L
CP2
MP]

Figure 7-3 Accelerometer position on control 2 foot

In the central part of the lower skin of GRID Y and on the external structure the accelerometers
have been maintained, as shown in the next figures.
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Figure 7-4 Accelerometer position on lower skin; the red line is the shaker expander envelope
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MP 9 MP 7

MP 8
MP 10

MP 11

Figure 7-5 External Structure accelerometer positions

Using this measurement points configuration a resonance search from 5 to 1000 Hz was performed
to investigate the frequency range of interest.
The following figures show the resulting control and the expander outputs.
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Figure 7-6 Control accelerometers and resulting control signal outputs in Z direction
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Figure 7-7 XYZ outputs for the expander points near the control points. The arrows show the expander
modes.
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Figure 7-8 XYZ outputs for the expander points lateral points (on the other sides regarding to the
control positions). The arrows show the expander modes.
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The obtained results indicate three amplifications of the input due to the first models of the
expander that was not properly controlled by the two control accelerometers at the following

frequencies:

o F1=222.74 Hz (all accelerometers);
o F2=325 Hz (lateral accelerometers MP5-20-21-104);
e F3=528 Hz (all accelerometers X-Y directions).

In the range between 110 and 300 Hz the input on 4 columns of the detector is much higher than the
nominal input, as shown in the Figure 7-8.
The same behaviour is detected for the transversal directions at 528Hz.

These frequencies are corresponding to the high peaks found on the detector output, the following
figure shows a measurement point outpui placed on the lower skin (MP2) during the -12dB low
level random vibration test.

1 F- == = = — i Tt e e e e | e e e e e T
1 “| ——MP2Z Gms 3.35
0 e MP2Y Grms 1.66
" .| ——MP2X Grms 1.09
N 0.01 —
I | —Z-Input -12 dB
N gRMS 0.8
o —
0.001 = =
| =l
0.0001 S NS e
0.00001 1
10000
230 Hz _/
530 Hz

325 Hz

Figure 7-9 MP20 XYZ output for the -12 dB low level random vibration

The expander amplifications are near 1o three RICH frequency peaks that are relevant to PMT grids
vibration; for this reason the over-amplification of the input on 4 of the 8 interface points is
considered as one of the causes of the high response detected.

In order to limit this modal coupling and over-excitation due to the expander modes a change in the
control setup has been tested.
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8. CONTROL SETUP IMPROVEMENT

In order to investigate and limit the over-excitation due to the expander modes a change in the
control setup has been adopted. Two additional control accelerometers (CP3 and CP4) have been
added near MP104 and MP20, see Figure 7-1.

CP2 on
foot
CP4 on
foot
: E;' I.'
BT -E T #5 ‘;‘ .
CP1 on i “ } &
foot e ) CP3 on
L foot

Figure 8-1 New control Points position

Using this improved control setup (control technique: maximum}) a RS has been performed.
The following figures show the resulting control and the expander outputs.
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Figure B-2 Control accelerometers and resulting control signal outputs in Z direction
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Figure 8-3 XYZ outputs for the expander points near the control points, The arrows show the expander
modes.
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Figure 8-4 XYZ outputs for the expander points lateral points (on the other sides with respect to the
control positions). The arrows show the expander modes.
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The amplification on expander decreased with respect to the two control, modes are now controlied

by the control.
The MP2 outputs obtained with two CP and four CP have been compared in order to quantify the

amplification differences.
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Figure 8-5 X direction outputs comparison between 2 and 4 controls setup
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Figure 8-6 Y direction outputs comparison between 2 and 4 controls setup
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Figure §-7 Z direction outputs comparison between 2 and 4 controls setup

The amplifications over 200Hz corresponding to the expander modes showed a large decreasing in

the RICH response.

With the four control points the second peaks amplifications were in a good agreement with the

prediction (the first peak remained with higher response). In the following figures the Acc2 point
outputs (Figure 3-1) comparison for FEM prediction and test data are shown; the FEM prediction
displayed has been evaluated up to 300 Hz.

ACC2 X DIRCOMPARISON TEST RESULTS AND FEM PREDICTION

1.00E+00 —

L.
11
B .

1.00E-01

© 1.00E-02 t=———

i

= Y — e
) .";.‘_"ﬁff". ot
; 1

[— Acc2X - FEM PRED

DATA

— Acc2X - 4 CONTROLS TEST

1.00E-04

T

1.00E+00

1.00E+01

Hz

1.00E+02

1.00E+03

Figure 8-8 Acc2 X direction comparison between RS FEM prediction and test data with 4 control points
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Figure 8-9 Acc2 Y direction comparison between RS FEM prediction and test data with 4 control points
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Figure 8-10 Acc2 Z direction comparison between RS FEM prediction and test data with 4 control points
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9. NEW CONTROL PERFORMANCES EXTRAPOLATION

Using the transfer functions of each measurement point found with the RS with four control points a
prediction of the structural behaviour for a -12dB low level random vibration test has been
performed. The following figures show the results for the MP2 extrapolated compared to the MP2
output obtained for the -12 dB low level random vibration test with 2 control points.
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Figure 9-1 X direction outputs comparison between 2 controls test results and 4 controls data extrapolation for

the -12 dB low level random vibration
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Figure 9-2 Y direction outputs comparison between 2 controls test results and 4 controls data extrapolation for

the -12 dB low level random vibration
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Figure 9-3 Z direction outputs comparison between 2 controls test results and 4 controls data extrapolation for
the -12 dB low level random vibration

The following table shows the reduction rate of the gqy,, calculation for each direction on reference
measurement for PMTs.

X DIRECTION | Y DIRECTION | ZDIRECTION
MP2 TEST DATA [gm] 1.09 1.66 3.35
MP2 EXTRAP. DATA [gm:] 0.39 1.18 1.67
MP2 g, Decreasing Rate 64% . 29% 49%

Table 9-1 Decreasing rate percentiles for each direction

Using these reduction rates a gn,s extrapolation on the lower skin acceleration levels has been
performed for the full level random vibration test using four control points for all measurement
points of the PMTs. The following table shows the calculated acceleration values (the highlighted
row is corresponding to the MP2 position),



ANNEX A TO NCR-RICHSYS-CGS-C-020 Rev3 PAG 29 OF 32

2 CONTROL POINTS TEST o1
MEASUREMENT
Point Ems Erms Ems Erms
X | ¥ z | Tot s / Ace?
Accl 1.64 | 8.32 | 18.24 | 20.11 -
Acc2 | 436 | 684 | 12.96 | 15.20 f

Acc3 1.48 | 9.48 | 18.28 | 20.65 ]
Accd 9.16 | 1.68 | 23.6 | 25.37 ! !
Acch 9.16 | 212 | 204 | 22.46 Accé -\ —) T

AccB 8.76 | 0.44 | 12.12 | 14.96

am — Acc4
4 CONTROL POINTS EXTRAPOLATED
DATA
Point Brms Erms Ems Erms
X Y Z Tot I

Acet 059 | 501 | 9.40 | 11.12
Acc2 1.56 | 4.72 | 6.68 | 8.33
Acc3 0.53 | 6.74 | 9.42 | 11.60
Accd 3.28 | 1.19 | 12,16 | 12.65
Acch 3.28 | 151 | 10.51 | 11.12
AccB 3.13 1 031 | 6.25 | 7.00

Table 9-2 g, values comparison between 2 controls test results and 4 controls data extrapolation for the -12 dB
low level random vibration

The calculated highest value for Acc 4 (12.6 gm) is in good agreement to the predicted value of 10
gms [RD1]. This level is compatible with the estimated MAX g,; reached on the PMT grid lower
skin during the single grid vibration test of 11/2006.

In order to decrease the lower skin acceleration a preliminary evaluation of the required notching is
calculated.
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10. NOTCHING EVALUATION

Using the transfer function for the MP2 and the decreasing rates to evaluate the lower skin
accelerometer behaviour ,a possible notching to limit the lower skin response to 11.3 Brms iS
calculated according to the notching criterion of “RICH SYSTEM VIBRATION PROCEDURE”
RICSYS-PR-CGS-007.

Freq. PSD
[Hz] [g’Hz)
20 0.009
45 0.009
80 0.012
130 0.012
145 0.025
300 0.025
800 0.001
2000 0.001
Overall g, 3.08

Notching effect on selected measurement point (MP2)
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Figure 10-1 Notching effect (11.3 g, limit) on MP2 XYZ outputs

The following table shows the extrapolated g, level on all lower skin measurement points.

Brms = X grms -Y rms - Zz ngﬂS -Tot
MP 1 0.40 5.23 7.92 89.50
MP 2 1.47 417 5.63 7.16
MP 3 0.36 5.95 7.94 9.93
MP 4 2.23 1.06 10.25 10.54
MP 5 2.23 1.33 8.86 0.23
MP 6 213 0.28 5.27 5.69
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The result is a maximum predicied g (root square sum of x,y,z contributions) on the worst lower
skin measurement point (MP4) of 10.54 g.

11. RICH - USS INSTALLED DYNAMIC BEHAVIOUR
CONSIDERATION

Meanwhile an additional investigation about the dynamic environment of RICH installed on the
USS structure has been performed; in particular the modal amplification has been analyzed.
The principal considerations are:

» The amplifications seen at PMT level during the random vibration test are due to hard-
mounted response of the RICH deriving from a very sharp pump mode in Z direction
combined with a vertical excitation coming from the shaker interface that is a conservative
test approach if compared to the actual interface to the USS, which allows some compliance.

» All the mechanical junctions between the STS and the RICH (through the USS) dissipate
energy during the vibration providing additional reduction between primary structure and
RICH interfaces.

* The acoustic vibration does not affect the Z direction vibration of the RICH detector plane
acting on the debris shields.

e The RICH Z direction first mode frequency (100 Hz) is quite higher than the first AMS
{(primary structure) frequency in Z direction (20 Hz, experimentally verified from the AMS
STA test);

o the first structural mode of the USS filters the next modes responses at the
equipment level for structure-bomne vibration.
This implies that the MEFL injected at primary structure interfaces will be reduced
by dynamic effect and the real input spectrum to the RICH interfaces will be lower
than the MEFL in the range above (approximately) 50 Hz.

e MOST IMPORTANT: According to AMS Structural Verification Plan, the vibration
transmitted through the primary structure to the experiment components will be smaller than
Minimum Workmanship Levels (MWL), namely 6.8 g.ys.

From the SVP: “... for mission success it is recommended that vibration testing of the
individual electronics components (i.e. PMT) shall be performed to MWL,

In the RICH specific case the MWL envelopes, both in terms of overall g and acceleration
PSD levels frequency-wise, the worst case response foreseen in any RICH experiment
component (PMTs included) due to structure borpe and acoustic excitation.

12. RICH PMTs UPDATED ACCELERATION LIMITS AND
TESTING APPROACH

The considerations described in the paragraph 0 (the USS dynamic coupled to the RICH one, and
the SVP requirements) allow to input a random spectrum which results in not exceeding the 6.8 g
on the PMTs.

We consider representative of the flight environment and adequate to verify mission success a
notching (shown hereafter) that:

- notching the first and the second mode reduces locally the PMT response peaks limiting the g
level to 6.8 gms.
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-reduces the overall input level from 3.18 to 2.8 g, (-12%)

MP2 RESPONSE TO NOTCHED INPUT COMPARED TO MWL AND MEFL
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Figure 12-1 Notching effect (6.8 g limit) on MP2 XYZ outputs
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From: Tutt, John ¢ [mailto:Jchn.Tutt@escy.jacobs.com]

Sent: Fri 09/11/2007 0.23

To: Giuliano Laurenti

Cc: hungerfordl@earthlink.net; carl.lauritzen@escg.jacobs.com;
trent.d.martin@nasa.gov

Subject: RICH Vibration Testing

Prof. Laurenti,

As Bill, you, and I discussed on the phone, ESCG has reviewed the proposed
notching in the vibration test spectra used by the RICH testing at INTA. Since
this is a functional test for mission success and not related to safety, the
decisdion on how to proceed is yours and we have not taken a formal position on
this matter. But in our engineering judgment, the notching is a reasonable
approach to avoid overtesting the hardware and does not present a significant
risk to the PMTs.

Based on the NCR attachment, the 1lg predicted response from the original test
input appeared to be driven by resonant responses of the hardware at ~100 Hz and
-207 Hz. As I understand it, these are both "drum" mocdes of the main RICH
plate, and thus are very easily excited by vertical inputs at the bottom of the
plate. Therefore it is not surprising to see major spikes in the response at
these frequencies from the 3.2 grms test input there. During launch, however,
the load levels will not be this high. There are two primary sources of random
vibration input during launch: mechanically-induced vibration from the Orbiter
and acoustically-induced vibration from the payload bay noise environment.
Reviewing each of these in turn:

1) Mechanically-induced vibration comes through the physical connections
to the Orbiter. The closest one to the RICH is the keel trunnion. The 3.2 grms
test environment envelopes the input environment at that trunnion. The
vibration level does not transmit perfectly through the structure, however, but
instead attenuates every time it passes through an interface with finite
damping. By the time this keel vibration reaches the RICH mechanical
interfaces, it will have passed through:

a. The keel trunnion/keel block interface, where a noticeable gap
(~0.002") was observed during the modal testing in Munich. While this gap is
not significant structurally, it will have a damping effect on the motion of the
trunnion.

b. The lower centerbody joint, where the ECAL is clamped down with
significant force on top of two Teflon plates. These were seen to move during
the ECAL sine sweep testing and will also have a significant damping effect.
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2) Bcoustically-induced vibration, which will come from direct acoustic
impingement on the reflector debris shields. Pressure-induced vibration is an
inherently lossy phenomenon, so it takes a significant amount of noise to induce
a measurable vibration lewvel. 1In addition, this noise would enter the RICH
baseplate through the debris shield attachment points. These are on the side,
not the bottom, and would thus have a very difficult time inducing a response in
the two modes of concern (100 Hz and 207 Hz), because these are primarily z-
direction drum modes.

As I mentioned before, this is a mission success issue, so it is your decision
on whether or not to accept this risk. But based on my experience with flight
hardware, I do not see a significant precblem.

Regards,
Chris

Chris Tutt

Project Manager R
Engineering and Science Contract Group

Jacobs Sverdrup

2224 Bay Area Blvd M/C B2sC

Houston, TX 77058

(2B1) 461-5703
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